Description 



METHOD OF DETECTING METASTASIZING CANCER CELLS 
ORIGINATING IN STOMACH CANCER 

Technical Field 

The present invention relates to a method for detection of metastatic cancer 
cells originating from gastric cancer, and more specifically to a method for detection 
of metastatic cancer cells originating from gastric cancer such as peritoneal 
dissemination of gastric cancer or peritoneal free cancer cells with the use of 
aldehyde dehydrogenase or dopa decarboxylase as a marker. 

Background Art 

Gastric cancer is the most common malignant tumor found in the 
gastrointestinal tract in Japan and Southeast Asia, and gastric cancer ranks in second 
place in cancer mortality in the worid (Parkin et al. 1999). Although the prognosis 
for gastric cancer has improved by developments in diagnostic techniques and 
treatment methods of gastric cancer, the main cause of recurrence that occurs after 
curative resection of the advanced cancer is peritoneal dissemination. As to the 
prognosis for gastric cancer that has invaded to the gastric serosa, the 5-year survival 
rate is as low as 35% (Yamazaki et al. 1989). In such malignant properties of 
gastric cancer cells, metastasis to the peritoneum is a particularly complex 
phenomenon, which involves many steps and numerous genes. There are reports 
suggesting that adhesion molecules, apoptosis-related genes, and other genes are 
deeply involved in peritoneal dissemination of gastric cancer (Tahara et al., 1996, 
2000; Yawata et al., 1998). However, elucidation of the mechanism of gastric 
cancer metastasis needs fiirther investigations. Although it is known that escape of 
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primary tumor cells from the basal layer and resistance to apoptosis are enhanced by 
changes in expression of genes that are suspected to be related to metastatic potential 
of cancer, the details of the mechanism are still unknown. 

In order to study the mechanism of peritoneal dissemination of gastric cancer, 
5 Park et al. established SNU-1, SNU-5, SNU-16, and SNU-719 cell lines from the 
primary focus and other cancer cell lines from ascites fluid (Park et aJ., 1990, 1994). 
SNU cell lines have been studied particularly intensively. For example, it has been 
confirmed that cMET is ampUfied in SNU-16, overexpression of TGF-P2-type 
receptor, CEA, CA19-9, and c-erbB2 is observed in SNU-l, SNU-5, and SNU-16, 

1 0 K-sam is amplified in KATO-UI cells (Katoh et al., 1992), and expression of 

E-cadherin is reduced in GT3TKB (Tamura et al., 1996). However, common gene 
changes in metastatic gastric cancer cells have not yet been clarified. 

Despite the fact that a plurality of genes are known to participate 
cooperatively in cancer metastasis, only the relationship between a single gene or a 

1 5 few genes and metastasis has been reported. Further, the difference of metastatic 
potential of primary cancer focus is considered to be due to a difference in 
combination of expressed genes. For this reason, an analysis of gene expression in 
gastric cancer cells having different metastatic potential in respect of the degree of 
metastasis and metastasized sites is important for elucidation of the mechanism of 

2 0 peritoneal dissemination of gastric cancer. 

Disclosure of the Invention 

To improve the prognosis for gastric cancer, the inventors have developed a 
prevention for recurrence of gastric cancer with positive serosal invasion by 
2 5 intraperitoneal administration of mitomycin C adsorbed on activated charcoal 
particles (MMC-CH). However, intraperitoneal cancer chemotherapy such as 
MMC-CH is associated with side effects such as thrombocytopenia and ileus. 



Therefore, it is necessary to confirm the possibility of metastasis of gastric cancer 
cells to the peritoneum and rapidly determine whether the peritoneal cancer 
chemotherapy should be applied or not. 

For the diagnosis of cancer of the digestive system, CEA (carcinoembryonic 
5 antigen) is generally used as a marker, and the use of rapid quantitative RT-PCR 
analysis using this as an indicator for detection of peritoneal free cancer cells has 
been domestically proposed by Aichi Cancer Center, etc. However, since this 
marker is weakly expressed in normal epidermal cells and mesothelial cells, there are 
many cases of false-positive determination, thus presenting a problem in detection of 

1 0 cancer cells in the peritoneum. 

Hence, the present invention aims to identify a new marker having high 
specificity for detection of metastatic cancer cells originating from gastric cancer 
such as peritoneal dissemination of gastric cancer or peritoneal free cancer cells. 

In order to find a highly specific marker to rapidly determine whether or not 

1 5 gastric cancer is metastatic to the peritoneum, the inventors analyzed expression 
profiles of about 21,000 genes in cell lines derived from peritoneally disseminated 
gastric cancer, SNU-5, SNU-16, SNU-719, KATO-HI and GT3TKB cells, with the 
use of a cDNA microarray. As the control, a cell line derived from primary gastric 
cancer focus, SNU-1, was used. About 20 genes that showed highly specific 

2 0 expressions in the cells derived from peritoneally disseminated gastric cancer but 
showed no expressions or extremely weak expressions in the cells derived from 
primary focus of gastric cancer were identified. 

Further, it was studied whether or not the above 20 genes specific for the cells 
derived from peritoneally disseminated gastric cancer could be applied to diagnosis 

25 of the presence of minute cancer cells in the peritoneum and rapid intraoperative 
diagnosis thereof by combining the change in gene expression and an analysis by 



Northern blotting or RT-PCR. The results identified genes having sensitivity and 
specificity equal to or higher than CEA. 

The inventors have identified aldehyde dehydrogenase (ALDH) and dopa 
decarboxylase (DDC) as genes that are not expressed in the cells of primary focus of 
5 gastric cancer but are specifically expressed in the cells derived from peritoneally 
disseminated gastric cancer, and have found that these genes can be used as detection 
markers of metastatic cancer cells originating from gastric cancer. 

Accordingly, the present invention provides a method for detection of 
metastatic cancer cells originating from gastric cancer that includes the step of 

1 0 collecting a biological sample from a subject, the step of detecting the presence of at 
least either aldehyde dehydrogenase or dopa decarboxylase from the biological 
sample of the subject, and the step of determining that the possibility of containing 
metastatic cancer cells originating from gastric cancer in the sample is high when at 
least either aldehyde dehydrogenase or dopa decarboxylase is present. 

1 5 Here, "aldehyde dehydrogenase or dopa decarboxylase is present" means that 

at least genes encoding these enzymes are transcribed into mRNAs, and as a matter 
of course, includes a case where these are translated into proteins. 

It is possible to detect peritoneally disseminated gastric cancer cells in a 
biological sample of a subject such as ascites fluid or intraoperative peritoneal lavage 

2 0 cells with high detection sensitivity by using aldehyde dehydrogenase, dopa 
decarboxylase, or both of aldehyde dehydrogenase and dopa decarboxylase as 
detection markers for metastatic cancer originating from gastric cancer such as 
peritoneal dissemination. 

Expression of aldehyde dehydrogenase or dopa decarboxylase can be 

2 5 confirmed by the presence of their mRNAs. The presence or absence of mRN A of 
aldehyde dehydrogenase or dopa decarboxylase can be confirmed with the use of 
primers or a probe. As the primers to confirm the presence of mRNA of aldehyde 



dehydrogenase, a pair of primers according to SEQ ID N0:1 and SEQ ID N0:2 can 
be shown as an example, and as the primers to confirm the presence of mRNA of 
dopa decarboxylase, a pair of primers according to SEQ ID N0:3 and SEQ ID N0:4 
can be shown as an example. As the probe to confirm the presence of mRNA of 
5 aldehyde dehydrogenase, a probe according to SEQ ID N0:5 can be shown as an 
example, and as the probe to confirm the presence of mRNA of dopa decarboxylase, 
a probe according to SEQ ID NO: 6 can be shown as an example. 

As an alternative method, the presence of aldehyde dehydrogenase or dopa 
decarboxylase can be detected with the use of an antibody. 

1 0 Further, the present invention provides primers to detect the presence of 

mRNA of aldehyde dehydrogenase or dopa decarboxylase, for example, the pair of 
primers according to SEQ ID NO: 1 and SEQ ID N0:2, or SEQ ID N0:3 and SEQ ID 
N0:4. Furthermore, the present invention provides a probe to detect the presence of 
mRNA of aldehyde dehydrogenase or dopa decarboxylase, for example, the probe 

1 5 according to SEQ ID N0:5 or SEQ ID N0:6. Still further, the present invention 
provides an antibody to detect aldehyde dehydrogenase or dopa decarboxylase. 

With the use of these primers and probes or antibodies, or a diagnostic kit 
containing them, it is possible to detect rapidly and reliably the presence or absence 
of peritoneal metastasis of a subject, particularly a gastric cancer patient, by 

2 0 detecting aldehyde dehydrogenase, dopa decarboxylase, or both of aldehyde 

dehydrogenase and dopa decarboxylase at their mRNA levels or protein levels, and 
data important for deciding whether intraperitoneal cancer chemotherapy should be 
applied or not is provided. 

The biological sample of a subject is not particularly limited as long as it is 

2 5 derived from the peritoneum, and specifically exemplified by celiac tissues such as 
peritoneum of the subject, ascites fluid, cells contained in intraoperative peritoneal 
lavage, and peritoneal lavage fluid (lavage fluid recovered after subjecting to 



peritoneal lavage). Particularly, ascites fluid, cells in intraoperative peritoneal 
lavage, and peritoneal lavage fluid are preferred because these are easy to obtain. It 
should be noted that cancer cells that originated from primary gastric cancer cells and 
metastasized to the peritoneum are collectively called "metastatic cancer cells" in the 
5 present specification. The metastatic cancer cells include, for example, peritoneal 
free cancer cells, cancer cells in ascites fluid of gastric cancer, peritoneal 
dissemination, and the like. Subject means patient, particularly cancer patient, and 
preferably patient suspected of peritoneal metastasis of gastric cancer. 

Aldehyde dehydrogenase is known as a protein related to cell defense 

1 0 mechanism against intra- and extracellular aldehyde, and expression in normal 

hepatocytes and hepatocarcinoma has been reported (Canuto et al, 2001; Deichmann 
et al., 1999; Canuto et al., 2001). Further, dopa decarboxylase is sometimes called 
aromatic L-amino acid decarboxylase, distributed in various tissues such as the 
kidney, liver, and brain, and involved in the biosynthetic pathway of physiologically 

1 5 active amines, for example, synthesis of neurotransmitters, dopamine and serotonin. 
High expression of dopa decarboxylase in neuroblastoma and small cell carcinoma of 
the lung has been reported (North et al., 1998; Gilbert et al., 1999). Although some 
reports on aldehyde dehydrogenase or dopa decarboxylase in cancers other than 
gastric cancer can be found, the expression in gastric cancer has not been reported. 

2 0 In addition, there is no report suggesting that aldehyde dehydrogenase or dopa 
decarboxylase can be used as a marker for cancers including gastric cancer. 

To detect peritoneally disseminated cells or cancer cells in ascites fluid of 
gastric cancer, the present invention makes use of aldehyde dehydrogenase, dopa 
decarboxylase, or aldehyde dehydrogenase and dopa decarboxylase as a marker, and 

25 the detection of aldehyde dehydrogenase or dopa decarboxylase can be carried out 
either at mRNA level or at protein level. 
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Although the detection at mRNA level can make use of various methods such 
as Northern blot method, RT-PCR method, TaqMan PGR method, and a combination 
thereof, mRNA can be measured quantitatively and qualitatively by an arbitrary 
method without being particularly restricted to these methods. For example, a 
5 probe to detect mRNA of aldehyde dehydrogenase by Northern blot includes 5 ' 

CACTGGCCCTGGTGGTAGAATACCCCATGGTGTGCAAATTCAACAGCATT 
GTCCAAGTCGGCATCAGCTAACACAAT3' (SEQ ID NO: 5), and a probe to 
detect mRNA of dopa decarboxylase by Northern blot includes 
5'-AAGCACAGCCATCAGGATTCAGGGCTTATCACTGACTACCGGCATTGG 

1 0 CAGATACC ACTGGGC AGAAGATTTCGCTCTTTGAAAATGTGGTTTGTATT 
TAGGATGTATGGAGTCAAAGGACTGCAGGCTTATATCCGCAAGCATGTCC 
A-3' (SEQ ID N0:6), respectively. 

The detection of mRNA can be performed with the use of an appropriate 
probe. Here, the probe of the present invention is acceptable as long as it has a 

1 5 sequence that is substantially complementary to part of mRNA sequence of aldehyde 
dehydrogenase or dopa decarboxylase, and the length of the probe sequence, to 
which part of mRNA the probe is substantially complementary, and the like are not 
particularly restricted. Here, substantially complementary means being 
complementary to a degree that allows the probe to hybridize specifically to mRNA 

20 of aldehyde dehydrogenase or dopa decarboxylase. Further, even if these probes 
contain sequences that are noncomplementary to the mRNA sequence of aldehyde 
dehydrogenase or dopa decarboxylase on either the 5' side or the 3' side, or both, 
these may be included in the probe of the present invention as long as they are able to 
specifically hybridize to the mRNA. For example, a probe added with an arbitrary 

2 5 sequence for easy detection can be used. Furthermore, a probe labeled at the 5 ' end 
for easy detection can be used, and for such a label, for example, biotin, fluorescence, 
^^P, or the like can be exemplified. 



The primers of the present invention are appropriate as long as they are a pair 
of primers that are substantially complementary to part of the upstream and 
downstream sequences of mRNA or cDNA of aldehyde dehydrogenase or dopa 
decarboxylase, and the length of the primer sequence, to which part of mRNA or 
5 cDNA they are substantially complementary, and the Uke are not particularly 
restricted. Here, substantially complementary means being complementary to a 
degree that allows hybridization to mRNA or cDNA For example, even if these 
primers contain sequences that are partially noncomplementary to the mRNA or 
cDNA sequence of aldehyde dehydrogenase or dopa decarboxylase on either the 5' 

1 0 side or the 3' side, or both, these may be included in the primers of the present 
invention as long as they are able to hybridize to the mRNA or cDNA. Further, 
primers having a mismatch sequence that is noncomplementary to these mRNAs and 
cDNAs can be used for prevention of non-specific amplification or introduction of an 
appropriate recognition site for a restriction enzyme. 

15 An example of the primers for detection of aldehyde dehydrogenase includes 

a pair of primers having sequences of SEQ ID N0:1 and SEQ ID N0:2, and an 
example of the primers for detection of dopa decarboxylase includes a pair of 
primers having sequences of SEQ ID N0:3 and SEQ ID N0:4. 

An example of the probe for detection of aldehyde dehydrogenase includes a 

2 0 probe having a sequence of SEQ ID N0:5, and an example of the probe for detection 
of dopa decarboxylase includes a probe having a sequence of SEQ ID N0:6. 

In the detection at protein level, the detection can be performed with the use 
of an antibody. A monoclonal antibody, polyclonal antibody, chimeric antibody, 
single-chain antibody, antigen-binding fi^agment thereof, or the like against aldehyde 

2 5 dehydrogenase or dopa decarboxylase can be used, and it is more preferred to use a 
monoclonal antibody in view of high specificity. 
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The above various antibodies can be prepared by methods known to persons 
skilled in the art. For example, a polyclonal antibody or a monoclonal antibody is 
prepared by conducting commonly practiced immunization of an animal such as a 
rabbit, goat, sheep, mouse, rat, guinea pig, or chicken with aldehyde dehydrogenase, 
5 dopa decarboxylase, or a partial polypeptide thereof as an antigen. For the 

preparation of monoclonal antibody, usually a hybridoma method in which myeloma 
and spleen cells are fused to produce hybridoma or various modification methods 
thereof can be used. 

It is preferred to label an antibody for easy detection. For example, labeling 
1 0 with a fluorescent label (FITC, etc.), fluorine-chromium label, enzyme label (horse 
radish peroxidase, alkaUne phosphatase, P-galactosidase, phycoerythrin, etc.), 
radiolabel (32P, 1251, etc.), biotin label, green fluorescent protein (GFP), gold 
colloid label, or the like is included. 

For detection of protein, various methods such as Western blot method, dot 
1 5 blot method, ELISA, ID AT method, SDS-PAGE, Ouchterlony analysis, 

Immunoelectrophoresis, and a combination thereof can be used, but quantitative and 
qualitative measurement of protein can be performed by any arbitrary method 
without being limited to these methods. 

Note that the presence of aldehyde dehydrogenase or dopa decarboxylase can 
2 0 also be detected by measurement of enzyme activity and the like. 

The detection of mRNA or protein of aldehyde dehydrogenase or dopa 
decarboxylase can be conducted by a method known to persons skilled in the art (for 
example, refer to "New Gene Technology Handbook (Shin Idenshikougaku 
Handbook)", 3rd Ed. Matsumura, M. and Yamamoto, T., eds., Sept. 10, 1999, 
2 5 Yodosha Co. Ltd.)(in Japanese). 

For the determination of the presence or absence of peritoneal dissemination 
in a subject, mRNA or protein of aldehyde dehydrogenase or dopa decarboxylase is 



detected in a biological sample of the subject. If necessary, information for 
determining whether or not peritoneal metastasis is occurring may be obtained by 
measuring both levels of mRNA and protein. 

The diagnostic kit may include an arbitrary reagent, buffer solution, container, 
5 and the like depending on a detection method employed in addition to a probe, 
primers, or an antibody. For example, a reverse transcriptase, buffer solution, 
dNTP, Taq polymerase, and the like are included forRT-PCR. 

According to the present invention, aldehyde dehydrogenase, dopa 
decarboxylase, or both of them can be used as markers for detection of peritoneal 

1 0 free cancer cells that can be applied to diagnosis of the presence of minute cancer 
cells in the peritoneum and rapid intraoperative diagnosis. Aldehyde 
dehydrogenase or dopa decarboxylase is not expressed in normal epithelial cells and 
mesothelial cells in contrast with CEA that has been conventionally used as a 
detection marker, and therefore, peritoneal free cancer can be detected with high 

1 5 specificity and high accuracy by detecting expression of aldehyde dehydrogenase or 
dopa decarboxylase. The presence or absence of peritoneal dissemination of a 
subject is detected with high accuracy by examining the presence or absence of 
expression of aldehyde dehydrogenase or dopa decarboxylase, thereby allowing it to 
be used as one of the guidelines for whether or not subsequent intraperitoneal cancer 

2 0 chemotherapy is performed. 



Brief Description of the Drawings 

FIG. 1 shows results of Northern blot analysis of genes upregulated in cells 
derived from peritoneally disseminated gastric cancer compared with a primary 
25 focus; and 
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FIG. 2 shows results of Northern blot analysis of genes downregulated in the 
cells derived from peritoneally disseminated gastric cancer compared with the 
primary focus. 



5 Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be explained further in detail by means 
of the following examples, but these are in no way intended to limit the present 
invention. 

Example 1: Gene expression analysis of gastric cancer cells obtained from ascites 

10 fluid by cDNA microarray 

With the use of a high density cDNA microarray, expressions of 21,168 genes 
in cell lines derived from peritoneally disseminated gastric cancer and cell lines 
derived from primary focus of gastric cancer were analyzed, and their gene 
expression profiles were compared. 

1 5 Gastric cancer cell lines SNU- 1 , SNU-5, SNU- 1 6, and SNU-7 1 9 were 

established by Park et al. KATO-III and GT3TKB were purchased from RIKEN Cell 
Bank (Tsukuba, Japan). Among these cells, SNU-5, SNU-16, SNU-719, KATO-HI 
and GT3TKB are cell lines derived from peritoneally disseminated gastric cancer, 
and SNU-1 is a cell line derived from primary focus of gastric cancer. GT3TKB 

2 0 was maintained in a high glucose DMEM (Sigma, St. Louis, MO) in an atmosphere 
of 5% CO2 at 37 degrees C at constant humidity. To the DMEM were added 1 0% 
fetal calf serum, penicillin, and streptomycin. After grown to 80 to 90% confluence, 
the cells were washed with cold PBS and homogenized promptly. mRNA extracted 
from each cell line was purified with FAST track kit Ver. 2 (Invitrogen) according to 

2 5 the instruction manual. 

The preparation of a probe was carried out as follows. 1 |a,g of mRNA that 
was purified from each cell line was labeled by allowing Cy3 to be incorporated 
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during random primed reverse transcription. cDNA obtained from each cell line of 
gastric cancer was labeled with Cy5 and used as an expression reference for all 
tissues. mRNA from 30 samples of normal gastric mucosa was used as a control. 
The labeling was carried out for one hour at 42 degrees C in a total volume of 30 \il 
5 containing 400 units of Superscript H (GIBCO/BRL), 0. 1 mM CY3-dUTP (or 

Cy5-dUTP), 0.5 mM dATP, dCTP, and dGTP, respectively, 0.2 mM dTTP, 10 mM 
DTT, 6 \il of 5x first strand-buffer, and 6 |j,g of random primers. To remove 
unnecessary nucleotides, the labeled cDNA was mixed with 500 |il of a binding 
buffer (5 M guanidine thiocyanate/10 mM Tris-HCl, pH 7.0/0. 1 mM EDTA 

1 0 containing 0.03% gelatin and 2 ng/^il of tRNA) and 50 ^1 of a silica matrix buffer 
(10% matrix/3.5 M guanidine hydrochloride/20% glycerol/0.1 mM EDTA/ 200 mM 
NaOAc, pH 4.8 to 5.0), passed through a GFX column (Amersham Pharmacia), and 
centrifoged for 30 min at 15,000 rpm using a Sorvall centrifiige (RC-3B plus; 
H6000A/HBB6 rotor). The effluent was discarded, and the column was washed 

1 5 with 500 \i\ of a washing buffer. The adsorbed probe was eluted in a final volume 
of 17 III distilled water. This labeled probe was mixed with 3 ^1 of a blocking 
solution (10 \xg/\i\ oligo(dA), 3 \il of 20 |xg/|il yeast tRNA, 1 |il of 20 |ag/|il mouse 
Cotl DNA, 5.1 of 20x SSC, and 0.9 nl of 10% SDS) (Miki et al, 2001). 

Array hybridization and data analysis were performed as follows. RDGEN 

2 0 cDNA containing a target was hybridized to a complete array consisting of three 
multiblocks in a final volume of 30 \il (each of the multiblocks requires 10 |il of 
hybridization solution). Prior to the hybridization, an aliquot of the probe was 
heated for 1 minute at 95 degrees C and then returned to room temperature. Cover 
slips were hybridized at 65 degrees C in a Hybricasette (obtained from Arraylt.Com). 

2 5 After the hybridization, the sUdes were washed in 2X SSC/0. 1% SDS until the cover 
slips came off, then transferred into IX SSC, stirred gently for 2 min, and washed 
with 0. IX SSC for 2 min. After the washing, the slides were centrifiiged in the 
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Sorvall centrifuge (RC-3B plus; H6000A/HBB6 rotor) at 800 rpm. These slides 
were scanned by a ScanArray 5000 confocal laser scanner, and the obtained images 
were analyzed using IMAGENE (BioDiscovery: Los Angeles). 

To enhance data accuracy, two experiments were performed in which the 
5 same RNA templates were labeled in two separate reactions. Unless the data was 
zero, it was standardized with respect to the reference standard by subtracting a 
median observed value (log space). Only the data points that were reproducible 
were employed. To exclude data with low reUability, genes that were determined 
not to be expressed in both cell lines of the cell lines derived from peritoneally 

1 0 disseminated gastric cancer and the cell lines derived from primary focus of gastric 
cancer from the result of software analysis were excluded. 

Among the 1 1 ,680 to 1 5, 1 5 1 genes expressed, 44 genes showed two fold 
higher expressions compared with their expressions in SNU-l that was the control, 
and 30 genes showed more than half of expressions in other cell lines. To confirm 

1 5 these resuks, all genes that showed two fold higher expression in the cDNA array 
were analyzed by performing Northern blot analysis. 

Northern blot was carried out by the method reported previously by the 
present inventors (Sakakura et al., 1994, 1996). To explain it simply, the total 
cellular RNA was prepared by the guanidine isothiocyanate-phenol-chloroform 

2 0 method. The selection of poly( A)+RNA was conducted with an oligo dT column 
and fractionated on 1% agarose/2.2 M formaldehyde gel. Probes labeled with ^^P 
by means of random priming were used. Each selected gene and P-actin were 
hybridized to the probes. Each blot was subjected to signal analysis by a BAS 2000 
image analyzer, and a rate of overexpression was calculated by comparing with 

2 5 SNU- 1 that was a control. 

When a two fold or higher change in expression level determined by the 
Northern blot analysis was considered to be significant, its consistency with cDNA 
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microarray was 55% (41 genes out of 74 genes), while 27% (20 genes out of 74 
genes) did not show significant changes and 18% (13 genes out of 74 genes) yielded 
results inconsistent with those obtained by the cDNA microarray. The genes 
analyzed by the microarray and Northern blot analyses are summarized in Table 1 
5 and 2. 



Function 


o 
& 


Apoptosis 


Cell adhesion 


Cell adhesion 1 


Cell adhesion 


Cell adhesion | 


Cell adhesion 


Cell adhesion, invasion 


Cell adhesion, invasion | 


Cell adhesion, invasion 


Drug metabolism | 


Drug metabohsm 


Immune response 


Interaction with ECM 


Intracellular organelle 
transportation 


Invsion 


Signal transduction 


Signal transduction 


Signal transduction | 


Signal transduction 


1 Signal transduction | 


1 Signal transduction (modification) | 


1 Signal transduction or progression | 


Gene name 


Leukocyte elastase inhibitor | 


TGF-P-induced anti-apoptosis factor | 


Integrin a3 


Galectin 3 (lectin) | 


Occludin 1 


CD44 1 


Desmoplakin(DPI,DPII) I 


Keratin 14 i 


Keratin 8 | 


Keratin 7 I 


Aldo-keto reductase family 1 | 


Aldehyde dehydrogenase I 


Renal tumor antigen RAGE 1 I 


Destrin (actin depolymerization factor) 


Myosin 6 


1 Cysteine protease (legumain) ] 


1 LMO 7 1 


Dystroglycan 1 


1 Sodium/hydrogen exchange transporter, isoform 1 


1 Inositol triphosphate receptor 


as 
Q 
O 


1 Caveolin 3 


1 Dopa decarboxylase 


Gene chip 
(Average 
value) 


3.63 1 


4.29 1 


2.14 


6.02 


7.84 1 


9.58 1 


15.89 1 


10.48 1 


13.64 1 


25.63 1 


24.08 1 


33.13 1 


5.78 1 


4.29 1 


7.46 




1 5.66 


1 6.19 


2.55 


1 15.56 


1 16.34 


1 2.27 


1 11.08 


Northern blot 
(Average value) 
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15.9 1 


10.3 1 


15.3 1 


1 14.7 1 
















1 11.4 








GeneBank 
(Accession No.) 


AA486275 1 


AA446222 1 


AA424695 


AA630328 


H94471 1 


AA282906 1 


R33456 1 


H44051 1 


AA598517 1 


AA489569 1 


R93124 


1 AA664101 


1 N77779 


1 AA424824 


AA625890 


1 AA425938 


1 H22826 


1 AA496691 


1 AA455369 


1 AA28I735 


1 AA412053 


1 AA25319 


1 AA702640 


No. 
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Example 2: Expression of selected genes in eight gastric cancer cell lines 

Since the peritoneal dissemination potential of the other gastric cancer cell 
lines was summarized in several previous reports, two other gastric cancer cell lines, 
MKN7 and NUGC-3, in addition to the six cell lines examined in example 1 were 
5 used to study whether genes showing a difference in expression between SNU-1 and 
other gastric cancer cell lines have a correlation to peritoneal dissemination potential 
of the gastric cancer cell lines by means of Northern blot analysis. Four cell lines, 
KATO-ni, SNU-5, SNU-16, and SMJ-719, are known to possess a high 
dissemination potential, and therefore, these cell lines were used for a peritoneal 

1 0 dissemination model using nude mice. MKN7 was purchased from RIKEN Cell 
Bank (Tsukuba, Japan). NUGC-3 cell was purchased from the Human Science 
Research Resource Bank (Osaka, Japan). MKN7 and NUGC-3 were maintained in 
RPMI 1640 (Sigma) supplemented with 10% fetal calf serum, penicillin, and 
streptomycin. The other gastric cancer cell lines were cultured as described in 

1 5 example 1 . It was confirmed in the animal experiment that MKN7 and NUGC-3 
did not metastasize to the peritoneum even four weeks after inoculation. There is 
no report on dissemination potential of GT3TKB in nude mouse. 

Northern blot analysis was carried out as described in the example 1. 
Typical data are summarized in FIGS. 1 and 2. FIGS. 1 and 2 are resuUs of 

2 0 Northern blot analysis of genes that show different expression in eight kinds of 
gastric cancer cells. FIG. 1 shows genes upregulated in the cells derived from 
peritoneally disseminated gastric cancer compared with the primary focus. FIG. 2 
shows genes downregulated in the cells derived from peritoneally disseminated 
gastric cancer compared with the primary focus. 



From these results, it has become apparent that the cells can be classified into 
the following three groups: (a) cell lines with a high potential of peritoneal 
dissemination, SNU-5, SNU-16, SNU-719, KATO-IH, and GT3KTB; (b) cell line 
derived from tumor with no potential of dissemination, SNU-1; and (c) MKN7 and 
5 lSIUGC-3 with only a low potential or no potential of dissemination. 

Many genes, for example, CD44 and keratin family gene, were strongly 
expressed in the cells derived from peritoneally disseminated gastric cancer. Genes 
such as aldehyde dehydrogenase and IP3R were expressed at a high level only in the 
cells with a high potential of dissemination, whereas these were expressed at a low 

1 0 level or hardly expressed in the cells with a low potential of dissemination. It 
seems that changes in expression levels of these genes are specific to peritoneal 
dissemination of gastric cancer. Many of the downregulated genes such as p27 
were suppressed in all other gastric cancer cell lines, while several genes such as 
IL4Stat were intensively downregulated in the peritoneally disseminated gastric 

15 cancer cells. 

Exam ple 3: RT-PCR of aldehyde dehydrogenas e and dopa decarboxvlase in clinical 
samples 

From the results in examples 1 and 2, aldehyde dehydrogenase and dopa 
decarboxylase were not expressed in the primary gastric cancer cells or their 

2 0 expression levels were extremely low, while these were upregulated in the cells 
derived from peritoneally disseminated gastric cancer, and therefore, it was 
considered that an examination of these expressions might be used for the diagnosis 
of the presence of minute cancer cells in the peritoneum. In order to confirm 
whether or not the expression of these genes could be applied to the diagnosis of the 

2 5 presence of minute cancer cells in the peritoneum, the expression of aldehyde 



dehydrogenase and dopa decarboxylase was determined by RT-PCR in 18 patients 
with serosal invasion-positive gastric cancer uncertain about actual peritoneal 
metastasis using 12 patients with carcinomatous peritonitis of gastric cancer and 21 
patients with no cancer as positive and negative controls, respectively, among cases 
5 of gastric cancer surgery performed at the Division of Digestive Surgery, Kyoto 
Prefectural University of Medicine. 

Cells contained in cancerous ascites fluid obtained by puncture and suction 
from the patients with carcinomatous peritonitis of gastric cancer and in 
intraoperative peritoneal lavage fluid of patients with no cancer and serosal 

1 0 invasion-positive gastric cancer were collected by centrifugation. After extraction 
of RNAs by a modified AGPC method, cDNAs were synthesized using a sense 
primer of SEQ ID N0:7; 5'-ATTGTGTTAGCTGATGCCGACTT-3' (SEQ ID 
NO: 7) and an antisense primer of SEQ ID NO: 8; 
5'-CACTGGCCCTGGTGGTAGAATA-3' (SEQ ID N0:8) for aldehyde 

1 5 dehydrogenase and a sense primer of SEQ ID N0:9; 

5'-AAGCACAGCCATCAGGATTCA-3' (SEQ ID N0:9) and an antisense primer 
of SEQ ID NO: 10; 5'-TGGACATGCTTGCGGATATAAG-3' (SEQ ID NO: 10) for 
dopa decarboxylase, respectively. With the use of these cDNAs as templates, 
quantitative RT-PCRs were carried out using Gene amp 5700. PCRs were carried 

2 0 out using a sense primer of SEQ ID NO: 1; 5'-ATTGTGTTAGCTGATG 
CCGACTT-3' and an antisense primer of SEQ ID N0:2; 

5'-CACTGGCCCTGGTGGTAGAATA-3' for aldehyde dehydrogenase and a sense 
primer of SEQ ID N0:3; 5'-AAGCACAGCCATCAGGATTCADDC-AS1217 and 
an antisense primer of SEQ ID N0:4; 5'-TGGACATGCTTGCGGATATAAG-3' 
2 5 for dopa decarboxylase, respectively. 
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The results of RT-PCRs for aldehyde dehydrogenase and dopa decarboxylase 
are as follows: 





Aldehyde 
dehydrogenase 


Dopa decarboxylase 


Specificity 


12/12(100%) 


12/12(100%) 


Sensitivity 


19/21(95%) 


19/21(95%) 


Serosal invasion-positive gastric 
cancer patient 


12/18(67%) 


16/18(67%) 



In the table, specificity indicates the number of cases where aldehyde 
5 dehydrogenase or dopa decarboxylase was detected among the 12 patients with 
carcinomatous peritonitis of gastric cancer, and sensitivity indicates the number of 
cases where aldehyde dehydrogenase or dopa decarboxylase was not detected 
among the 21 patients with no cancer. For the serosal invasion-positive gastric 
cancer patients, the number of cases where aldehyde dehydrogenase or dopa 
1 0 decarboxylase was detected among the 18 cases is indicated. 

In the serosal invasion-positive gastric cancer patients, recurrence after that 
time was not confirmed; however it is inferred that the patients with aldehyde 
dehydrogenase or dopa decarboxylase detected have very high possibility of 
peritoneal metastasis. 
15 Example 4: Sensitivity test for aldehyde dehydrogenase 

A sensitivity test for aldehyde dehydrogenase was performed by RT-PCR by 
mixing cultured mesothelial cell line or peripheral lymphocytes of normal subjects 
and the gastric cancer cell line SNU-5. In addition, sensitivity test for CEA was 
performed by mixing normal cells and the gastric cancer cell line SNU-5 and 
2 0 compared. Primers and conditions of RT-PCR used in the sensitivity test for 
aldehyde dehydrogenase were approximately the same as in example 3. In the 



sensitivity test for aldehyde dehydrogenase, one cancer cell in 1x1 0"*"^ normal 
lymphocytes could be detected, and one cancer cell in IxlO"*'^ cultured mesothelial 
cell line could be detected. When CEA was used, the detection sensitivity was 
such that a cancer cell could be detected in IxlO"*"^ normal cells. However, CEA is 
5 weakly expressed in mesothelial cells, and therefore, the detection sensitivity in 
mesothelial cells is significantly lowered. Thus, it can be said that aldehyde 
dehydrogenase has a higher sensitivity compared to CEA. 
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